In this paper analysis, design and optimization of the conventional fuzzy logic controller to maintain the load voltage of the buck power converter has been proposed. The CFLC proposed in this paper has two inputs error and the change of error, the rule base used is 2-dimensional linear rule base for the controller. The CFLC response can be optimized by tuning of its input and output scaling gains for this, the concept of analogy between fuzzy controller and its linear counterpart is used. In order to explain the optimization and the effectiveness of the proposed controller a MATLAB simulation is done, the simulation results shows that conventional fuzzy logic controller (CFLC) can be optimized easily when the parameters involved in its linear counterpart are present.
Introduction
Buck converters are the most widely used DC-DC converter in the potable devices to provide power from the battery. They are often used in the microprocessor voltage regulation (VRM) applications. The DC-DC down converter used to maintain the load voltage to lower voltage. They also have good performance against the load current variations and keep the load voltage in the static state [1] . Buck regulators are also used as the switching power supplies for the base band digital core and the RF power amplifiers (PA) [2] . The concept of fuzzy sets was first introduced by Lotfi Zadeh in early 1960's [3] . In control system engineering this concept was put forward by Mamdani [4] . Since this class of controllers doesn't depend on the mathematical model of the system so called the non-modelled' based controller. Among these types of controller the fuzzy logic controller (FLC) is the most popular [5] .FLC is very robust easy to adapt and have well immunity to the external disturbances [6] . The efficiency of the conventional fuzzy logic controllers (CFLC) mainly depends on the number of inputs, fuzzy rule base and the method of fuzzification and deffuzification. In spite of the robustness of the CFLC and its immunity to external disturbances its structure is very complex and its implementation requires substantial computer resources. However many researchers goes to the DSP [7] but this option is costly and is not feasible for certain applications. Other way to reduce the computational complexity is to reduce the rule table for CFLC but this effect the overall performance of CFLC to be degraded. In the start of the paper the brief introduction of the buck power converter modelling is given. After that the design of the controller CFLC for the buck power converter is given and at the end a new methodology for the optimization of the scaling gains of CFLC has been introduced. MATLAB/SIMULINK [8] software is used to demonstrate the performance and the results.
Buck DC-DC Power Converter
The schematic for the buck power converter is illustrated in the figure 1. The circuit given in figure 1 has two modes of operation i.e. when the switch (SW) is closed and when it is opened. During the ‗ON' mode the diode in the circuit become back bias and therefore current through the inductor increases and during the ‗OFF' mode switch is in ‗off' state (opened) the energy stored in the inductor as in the ‗ON' mode releases through the output RC circuit. The converter is working in continuous conduction mode (CCM) in which the inductor current did not falls to zero. 
When the switch is ‗off' (opened) then the following equations hold
Let the duty cycle of the converter operation is donated by‗d' and its period is by T. Then the duration for the switch to be closed and opened are donated by dT and (1-d)T respectively. Then multiply each expression by their respective duration. Let suppose the average value of can be obtained by multiplying equation (1) by dT and equation (3) by (1-d)T and then add the two equations after that dividing the overall equation by T, i.e.
After simplifying equation (5) 
The similar operation perform for we obtain the below expression = −
The equation (6) and (7) describes the complete average model of the buck power converter. The SIMULINK model of these equations is shown in figure 2 
CFLC Design and Analysis for Buck Converter
Since the conventional fuzzy logic controllers (CFLC) generally uses two controlled variable as input error (e) and the change of error ( ) and one variable output generally duty cycle (d) in case of the converters [9] . These input variables first fuzzify by means of some linguistic variables i.e.PB,NB,PS,NS etc. A rule table is designed based on the general behaviour of the buck power converter when subjected to a controller which can be summarized as follow  When the error signal (e) is very far from the reference point and the change of error ( ) is very large (means velocity to achieve the reference point is very high) then the duty cycle (d) should increase rapidly.  When the error signal near the reference point and the change of error also turns very low Table 2 CFLC rule table   e Figure 4 Membership functions for the output (u) of CFLC towards the reference point then the duty cycle should also change very slowly.  When the error is zero and the change of error is also zero then there is no change in the duty cycle.
Figure 3 Membership function for error and change of error
In the similar way we can construct the whole rule [10] . It is also called the linear rule base [11] . The inputs and output membership functions assigned to the CFLC for the buck power converter are shown in figure 3 and figure 4 The fuzzy inference mechanism used for the CFLC is of Mamdani type. The universe of discourse is so adjusted for the error and change of error in order to avoid the saturation the same is true for the output variable. The membership functions used for the inputs and output are triangular MF's and have 50% overlapping. The deffuzification method used for the CFLC is the centre of gravity method COG [12] . Now the 2-dimensional rule table designed for the CFLC based on the input and output membership function shown in figure 3 and figure  4 is given by table 2. The control surface for the CFLC is shown in figure 5 The overall block diagram for the CFLC of the buck power converter system is shown in the figure 6 , the parameters values used in the simulation for the analysis of the buck converter system performance are indicated in the table 3.
The figure 7 shows the performance of the CFLC to regulate the output voltage of the buck converter. In the simulation the reference is set to 1volt. In figure 8 the load changes from 1Ω to 0.5Ω means hundred percent load changes. The figure 9 shows the response of the CFLC when the input voltage stepped change from 15 volts to 10 volts. The parameter is called the integral time. In the fuzzy control there is analogous PI type FLC (FZ-PI) for its linear PI controller is present [13] . Its basic structure is shown in the figure 10. The rule base used by such (FZ-PI) controller is 2-dimensional linear rule base as shown in table 1.
Optimization Algorithm for the CFLC
Linear controllers are also traditionally used for controlling the buck power converters among of which PI controller is very popular but due to RHP zero problem in small signal transfer function of the converter the high performance with such controllers is quite challenging. The basic expression used for the PI controller is given The parameter is called the integral time.In the fuzzy control there is analogous PI type FLC (FZ-PI) for its linear PI controller is present [13] . Its basic structure is shown in the figure 10. The rule base used by such (FZ-PI) controller is 2-dimensional linear rule base as shown in table 1.
When the linear rule base is used the relation between the two inputs scaling gain of the (FZ-PI) controller can be approximated as [14] . The concept of fuzzy transfer function is used to set the initial gain of the (FZ-PI) controller by using its linear counterparts as shown by (8) is the maximum value of the input scaling gain of fuzzy controller for the unsaturated input. Since there are always input limitations for the CFLC so for the convenience inputs and outputs are always normalized to unity interval by dividing by the setpoint value. For the converter system used there are two inputs e and é. The maximum scaling gain for the unsaturated e input but for the é it is not very easy to take for its unsaturated value so is less than or equal to 1. The (FZ-PI) controller gains have very much similarity with its linear counterpart (PI), the (FZ-PI) gains can be initially set from the gains of its well tuned linear counterpart (PI). The following points illustatrate the direct comparison between (FZ-PI) and PI controller.
 The output scaling gain K of FZ-PI is analogous to the proportional gain of the linear PI.
 The input gain ratio α is more analogous to the integral time of the linear PI controller.
 Now the value of can be calculated by using the equation for by dividing Now by using the three points mentioned in section 3 the scaling gains for the FZ-PI fuzzy PI controller can be determined easily by using the It is clearly shown from the figure 12, figure 13 and the table 4 by using the Linear PI controller parameters the FZ-PI get optimized. Now by tuning the initial FZ-PI gains which are obtained from its linear counterpart gains the response of FZ-PI controller can be optimized more and more by using the following points  Tune and K to get the faster response and the smaller steady state error. The value of should not be too large to avoid the input saturation.  Tune such that the product remains same in order to achieve the high resolution.  Tune α to get the minimum settling time and the smaller steady state error.
Based on the above points for the tuning of the FZ-PI controller the performance of the controller (FZ-PI) gets optimized. Table 6 and the figure 14 shows the optimization results of FZ-PI controller for buck converter system. 
Conclusion
The comparative tuning of the CFLC to maintain the load voltage of the buck power converter shows that the optimized scaling gains for the CFLC can be derived from its well tuned linear counterpart. Once the initial scaling gains for the CFLC deduced we can further optimize the response by tuning the gains of CFLC. The initial gains for the linear counterpart can be obtained by using Nichols method, root locus and frequency response 
